Abstract. Soil and biological soil crusts can emit nitrous acid (HONO) and nitric oxide (NO). The terrestrial ground 14 surface in arid and semi-arid regions is anticipated to play an important role in the local atmospheric HONO budget,
were nevertheless frequently found to be too low to account for the observed HONO production rates (Stemmler et 
21
HONO and NO can be formed during biological processes (nitrification and denitrification; Pilegaard, 2013), in 22 which NH 3 or NH 4 + is oxidized stepwise or NO 3 -is reduced (Fig. 1 ). Depending on soil-pH and according to Henry´s 23 law soil nitrite (NO 2 -) can be converted into gaseous HONO.
24
Biocrusts grow within the uppermost millimeters to centimeters of soil in arid and semi-arid ecosystems. They are 
2
In Cyprus, an island in the semi-arid eastern Mediterranean area, biocrusts are ubiquitously covering ground surfaces 3 and hence can be anticipated to play an important role in the local HONO budget. 
9
In the present study we measured HONO and NO fluxes from soil and biocrust samples from Cyprus by means of a 10 dynamic chamber system. The aim of this study was to characterize and quantify direct trace gas emissions and
11
demonstrate their impact on the atmospheric chemistry in the remote coastal environment of Cyprus. 
19
In an area of about 8580 m² (South/South-East direction of the station) 50 grids (25x25 cm) were placed at randomly 20 selected spots for systematic ground cover assessment. At each grid point occurrence of nine types of surface cover
21
(i.e., light and dark cyanobacteria-, chlorolichen-, cyanolichen-, and moss-dominated biocrust, bare soil, stone, litter,
22
vascular vegetation/shrub) were assigned and quantified. Spatially independent replicate samples were collected of 23 light cyanobacteria-dominated biocrusts (light BSC), dark cyanobacteria-dominated biocrusts with cyanolichens
24
(dark BSC), chlorolichen-dominated biocrusts (chlorolichen BSC I, chlorolichen BSC II), moss-dominated biocrusts
25
(moss BSC) and of bare soil (Fig. S1 of the supplement). Each sample was collected in a plastic petri dish, sealed
26
and stored in the dark at room temperature until further analysis (storage time less than 15 weeks).
27
In total 43 samples were collected (Table 1) wavelength, and a is the amount of DMSO used in mL.
24
The pH was determined for each surface cover type (n = 3-4) according to Weber et al. (2015, Suppl. which is reflected by higher soil humidity (80-100%) and lower temperatures on these days (see Fig. 2 ). As a 27 consequence, the biological soil crusts were activated and went through one full wetting and drying cycle before 28 sample collection. Temperature above the soil ranged from 10°C in the night to 50°C during the day when solar 29 radiation was most intense. Air temperature was similar during the night but not as hot during the day ranging 30 between 20° and 30°C. Humidity above the ground was low during daytime (<30% rH) and increased during the 31 night up to 80%, while the atmospheric relative humidity (at Paphos airport) ranged between 47 and 73% (without 32 rain event). Thus there were only little variations of humidity with height above the soil surface. Above the ground somewhat higher during the night, compared to respective weather station data. During and shortly after the main 1 rain event humidity at ground level was higher (80 and 100% rH) compared to ambient air humidity (70-85% rH).
2
Ambient air temperatures were somewhat lower during sample collection of this study as compared to the CYPHEX with humidity between 20-60% rH. Hence we can assume that soil surface temperatures were higher and ground rH 6 in the same range during CYPHEX compared to sampling period. . In general, no significant change in reactive nitrogen contents was found before and after the trace gas
18
exchange experiments (Fig. 4a) , indicating no significant impact of one wetting-drying cycle on the nutrient content.
19
Bare soil samples had significantly higher levels of NO 3 -and NO 2 -content compared to dark, chlorolichen and moss
20
BSC. Among the latter three, no significant differences in nutrient levels were observed. Fig. 4b ).. The range of 32 chlorophyll contents is comparable to previous arid ecosystem studies (Weber et al., 2015) .
33
The pH of soil and biocrusts ranged between slightly acidic (6.2) and slightly alkaline (7.6; Fig. 4c ). HONO were observed at about 17-33% WHC, and of NO at 20-36% with no significant differences between all soil 3 cover types (Fig 5) . Emissions declined to zero at 0% WHC and to very small rates >70%. Emission maxima 4 strongly varied between soil cover types, but also between samples of the same cover type (see Fig. 5 and 6, and 5 higher for HONO than NO, especially from bare soil, the integrated emissions were similar or even larger for NO,
12
which is released over a wider range of SWC.
13
In general, it is difficult to compare chamber flux measurements of different studies due to different experimental 
30
Cyprus. In the present study HONO maximum emissions were higher than for NO (while integrated emissions being 
26
The distribution of nine different surface cover types was mapped (Fig. 2 general (see Fig. 8 ).
6
After heavy rainfalls moistening the soil to full water-holding capacity, 11-113 µg m -2 of HONO-N and 10-131 µg 
11
The release of HONO from the ground surface to the atmosphere can be related to the atmospheric HONO 12 production rate via eq. 7 (adapted from Su et al., 2011) and then compared to the missing source. 
16
Based on the studies by Likos (2008) and Leelamanie (2010) and the meteorological conditions during CYPHEX (no 17 rain event, but high rH, usually > 75%) a soil water content, slightly lower than the optimal water content for HONO
18
and NO emissions, of 10% WHC was estimated, at which emissions of about 35% of the maximum was found.
19
In Cyprus during the summer of 2014 a mean boundary layer height of 300 m was observed by means of a 20 ceilometer.. The mean air temperature during the campaign was comparable to the lab based chamber studies (25°C)
21
but soil temperatures at the Cyprus field site could largely vary during daytime and reach maximum temperatures of 22 up to 50°C (Fig. 4) 
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